Objectives We developed a conceptual model to define key concepts associated with patients' experiences with the signs, symptoms, and impacts of non-metastatic castrationresistant prostate cancer (M0-CRPC). Methods A targeted review of peer-reviewed literature, and other publicly available information, identified and categorized symptoms and impacts related to early-stage prostate cancer. Semi-structured interviews with five clinical experts helped determine the most relevant and important concepts for patients with M0-CRPC. Qualitative interviews with 17 patients with M0-CRPC identified the most frequently experienced symptoms and impacts, and their degree of interference with patients' lives. The findings from these three lines of evidence were summarized in a conceptual model.
Introduction
Non-metastatic castration-resistant prostate cancer (M0-CRPC) is considered a relevant new target indication in the CRPC spectrum [1] , which ranges from rising prostatespecific androgen (PSA) despite androgen deprivation therapy (ADT), without symptoms or metastases, to metastatic disease with significant debilitation [2] . While men with M0-CRPC will likely have already undergone several treatments, their disease progresses relatively slowly [3] .
The impact of prostate cancer (PCa) on health-related quality of life HR-QoL depends on disease stage and treatment [4] ; HR-QoL continues to deteriorate as the disease progresses [5, 6] . HR-QoL is a multi-domain concept that includes aspects of people's general perceptions of their physical, psychological, and social well-being [7] . Existing PCa-specific patient-reported outcome (PRO) instruments such as the Functional Assessment of Cancer Therapy-Prostate (FACT-P) [8] and the European Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire for Patients With Prostate Cancer (QLQ-PR25) [9] were developed in the era before the evolution of the current definition of CRPC. While such instruments provide a broad perspective on HR-QoL for patients with M0-CRPC, they may not fully reflect all aspects of the effects of the disease and its treatment as experienced and reported by patients themselves.
When assessing the full impact of disease and treatment on HR-QoL, it is very important to consider the patient's perspective. Indeed, the European Medicines Agency and the US Food and Drug Administration have recently underscored the importance of the patient's voice in clinical trials [7, 10] by outlining steps for good PRO instrument development.
In M0-CRPC, there is a lack of information in the literature about the signs, symptoms, and impacts of the disease from the patient's perspective and specific recommendations on those PROs most suitable for clinical studies. Therefore, to understand patients' experiences of living with M0-CRPC, we sought to identify the most relevant and important signs, symptoms, and impacts of the disease in patients' experiences via a literature review, clinician interviews, and patient interviews.
There is broad agreement that PRO assessment should proceed from a strong conceptual basis regarding what is measured and how this is done [11] . A conceptual model helps specify the most important outcomes in a disease population and causal linkages and relationships among these outcomes [12] . Conceptual models are useful for identifying key endpoints for clinical studies and developing PROs to assess these endpoints [13] . We, therefore, aimed to develop a conceptual model to define key concepts associated with patients' experiences with the signs, symptoms, and impacts of M0-CRPC.
Methods
This qualitative patient interview study was conducted according to Parts 1 and 2 of the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) PRO Good Research Practices Task Force Report [14, 15] , which specify that selection of content for a PRO instrument involves synthesizing patient interviews, expert input, and conceptual disease-related information in the published literature [15] . Thus, a three-step process (literature review, clinician interviews, and patient interviews) identified signs and symptoms of M0-CRPC and the effects on daily life.
Step 1: Literature Review
Publically available information on symptoms and impacts of M0-CRPC were identified by (1) searching peer-reviewed literature in PubMed; (2) searching PCa research organizations, foundations, and patient blogs; (3) identifying and compiling common symptoms and impacts; and (4) categorizing overall disease concepts into the symptoms and impacts of PCa. This review was conceptual and designed to identify key articles describing the experience of PCa and/or PRO instruments in PCa. The PubMed search identified articles written in US English using different combinations of key words such as ''prostate cancer'', ''PRO'', ''patient reported'', and ''quality of life''. Abstracts were screened and full-text articles (and relevant references in these articles) that mentioned PCa and its signs, symptoms, and effects, or a PRO instrument for PCa, were retrieved and reviewed.
Based on the results of these searches, symptoms and symptom-related impacts of M0-CRPC were identified, compiled, and categorized. Overall, distal impacts related to the experience of having PCa were also included in the results of the searches.
Step 2: Clinician Concept Elicitation Interviews
Clinician interviews provided the clinical expert viewpoint on how patients experience the signs, symptoms, and impacts of M0-CRPC. These semi-structured telephone interviews included five US clinical experts familiar with management of M0-CRPC (oncologist, n = 2; oncologist/ professor of surgery, n = 1; urologist, n = 2). Clinicians were identified from the literature. Those interested in participating were screened using a questionnaire that included number of years/location of practice, experience/duration treating patients with M0-CRPC, number of patients typically treated each month, and experience in patient-centric work. Physicians worked in major academic medical centers in the Northeast and Southeast (n = 3) or in private practice in the South and far West (n = 2). Clinicians received pre-interview background materials, including a description of objectives, summary of questions, and a preliminary conceptual model based on the literature review. Discussion was framed by a Clinician Interview Guide (see Electronic Supplementary Material), which was developed from the literature review, with a focus on specific signs, symptoms, and impacts associated with M0-CRPC. The guide started with open-ended questions about clinicians' perceptions of patients' experiences and ended with specific questions about anticipated treatment benefit. Concepts in the preliminary conceptual model were also reviewed for appropriateness for M0-CRPC, relative perceived salience to patients, and possible omissions. Interviews (60-75 min) were conducted by a trained interviewer with experience in concept elicitation. Interview notes were synthesized qualitatively, following standard market research procedures for qualitative content analysis.
Step 3: Patient Concept Elicitation Interviews
The research protocol and interview materials were approved by a central institutional review board. A digital process was followed to identify, screen, and recruit men with M0-CRPC. US-based members of MediGuard.org [16] , a free online medication monitoring service owned and administered by Quintiles Transnational Holdings Inc. that has a database of 2.6 million patients, received an e-mail invitation to participate. Those accepting followed a link to a website with study information where they could provide consent to participate, self-screen for eligibility, and report baseline characteristics. Screening, demographic, and disease-related information were gathered directly from patients online, with no input from their physician(s).
The digital patient screening tool is summarized in Fig. 1 . Eligible patients: were aged [18 years; had a diagnosis of PCa, alone or combined with colorectal, lung, stomach, or pancreatic cancer, and without brain and/or bone metastases; had undergone surgical or medical castration using luteinizing hormone-releasing hormone (LHRH) or gonadotropin-releasing hormone (GnRH) agonists; and had rising or stable PSA levels (since previous experience showed that the number of respondents could fall considerably following the second week of recruitment, the criterion of 'rising PSA' was relaxed to include patients with stable or unknown PSA levels). To avoid limiting our sample size, patients with PCa who also had other cancers were accepted. It was made clear to patients that interviews would focus only on PCa.
A semi-structured, qualitative Patient Interview Guide (see Electronic Supplementary Material) was developed from the literature review and clinician interviews. This guide included both open-ended and probing questions, and focused on symptoms and impacts of living with M0-CRPC. Patients reported the frequency, severity, duration, and precipitating factors of symptoms/impacts, and how they disturbed their lives (on a scale of 0-10). We used the term 'symptoms' when asking respondents to focus on their day-to-day experience and asked them to characterize what they considered disease-specific or treatment-emergent symptoms; impacts focused more on the specific effects of these symptoms on patients' lives. Median interference scores were calculated for both symptoms and impacts.
Seventeen patients with M0-CRPC were interviewed (remotely via telephone and webcam) by a senior research professional experienced in patient interviewing and trained by senior staff/PRO experts experienced in PRO research. Symptoms, impacts, and interference scores were recorded on a Microsoft Excel Ò spreadsheet (Microsoft Corporation, Redmond, WA, USA).
By ordering the transcripts chronologically and dividing them into three groups according to the order of completion (interviews 1-5, 6-10, and 11-17), a saturation table was prepared to ensure all relevant concepts were tracked. The most common concepts for each group were tabulated and compared with results from the previous group. Concept saturation was defined as no new occurrences in the last wave of interviews.
Concepts were included in the final model by combining information from three sources: the literature review, clinician interviews, and patient interviews. Patient selfreported information was weighted more than that from other sources. Concepts mentioned infrequently by patients were more likely to be included if corroborated by the other sources; otherwise, a minimum frequency of mention by three patients was set as a threshold for a concept to be included.
Step 4: Qualitative Interview Analysis Methods
As concept elicitation interviews were conducted, moderators noted responses live on printed symptom and impact recording worksheets. Transcripts were created to record verbatim what patients described after all interviews were conducted. All symptoms and impacts mentioned (both spontaneous and probed), and the corresponding interference scores, were recorded on a data analysis spreadsheet. If responses were unclear, transcripts were referenced to provide clarity. If a respondent described a symptom/impact in a similar fashion to that in the original conceptual model, it was grouped in the same response category. Researcher discretion was used to make the majority of these decisions. When categorization was unclear, the team made a collective decision about whether the symptom or impact should be counted separately, grouped with the original symptom/impact, or if the wording of the original symptom/impact should be changed. Number of mentions for each concept were summed to determine frequency of symptoms and impacts, and median ratings of interference for each concept were calculated.
Results

Step 1: Literature Review
In total, 16 articles [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] To the best of your knowledge, how would you describe your PSA levels over your past few tests?
• My PSA levels are stable • My PSA levels have been rising
• I do not know
Do not interview respondent
Which of the following includes your age?
• Less than 18 years of age has few/no symptoms. A preliminary conceptual model was developed from this review and showed the most prominent symptoms and their impact on daily and overall life (see Fig. 2 ). Salient symptoms identified from literature searches were mainly urinary (frequent urination, difficulty/pain urinating, weak/interrupted flow of urine, blood in urine, leaking of urine), intestinal (constipation, abdominal/pelvic/rectal pain, blood in stools, leaking of stools), and sexual (inadequate erection, painful ejaculation, inability to achieve orgasm).
The main proximal impacts of symptoms on daily life were related to interference with daily activities, constant monitoring of urine and bowel movement, loss of interest in sex, decreased frequency of sex, and anxiety and frustration over symptoms. The more distal impacts of the disease were identified as depression, loneliness, and anxiety from carrying the disease diagnosis over time, thoughts of death/mortality, inability to work and/or financial difficulties, and relationship stress or conflict.
Step 2: Clinician Concept Elicitation Interviews
Experts confirmed several of the concepts most frequently mentioned by patients, including erectile dysfunction; loss of sexual desire or interest; incontinence/leaking; urgency; and hot flashes. All of these were endorsed by at least one expert as being attributed to prior treatments for PCa, and all except hot flashes were attributed as important to patients they treat. All symptoms except incontinence/ leaking and urgency were attributed to ongoing treatments. Experts also noted that patients were anxious about rising PSA and the potential for disease progression and suggested that these be added to the conceptual model. Some of the other concepts in the model were considered appropriate yet in need of modified terminology. Experts recommended changing the concepts 'rectal bleeding' to 'blood in stool', and 'weak urine stream' to 'slow urinary stream'. Other concepts were not considered relevant symptoms of the disease but rather effects of prior or ongoing treatment: erectile dysfunction; painful ejaculation; abdominal/pelvic/rectal pain; need to monitor/plan for urinary frequency; anxiety or nervousness over diagnosis/symptoms/treatment; inability to work and/or financial difficulties; and need to monitor/plan for bowel movement.
Experts suggested that a significant number of relevant concepts were not present in the model and should be candidates for addition. These included diarrhea; rectal bleeding; bone pain; fractures; spinal cord compressions; nerve compressions; access to treatment; relationship stress as a result of sexual dysfunction; general pain; fatigue; anxiety (e.g., from ambiguity of diagnosis/concern over future of disease); new urinary symptoms; ability of patients to do the things they want to do; back pain; and interference with daily activity as a result of testing and constant monitoring of PSA. Expert feedback was considered in the refinement and development of the final model.
Step 3: Patient Interviews
Interviewed patients (n = 17) were from 13 US states; see Table 1 for baseline characteristics. Of 17 patients with M0-CRPC, two also had other cancers (lung and bladder). Most patients were C65 years old, and about one-third had undergone surgical castration and two-thirds were receiving LHRH/GnRH agonist therapy at the time of the study. About one-quarter of patients had rising PSA at the time of the interview; in most patients, PSA was stable (70%).
During the interviews, patients mentioned 35 distinct symptoms, which were categorized as urinary (n = 11), sexual (n = 5), hormonal (n = 10), gastrointestinal (n = 7), or other (n = 2) ( Table 2 ). Symptoms mentioned most frequently were urinary (58 mentions), sexual (35 mentions), hormonal (31 mentions), and gastrointestinal (ten mentions). M0-CRPC symptoms that (a) were most frequently mentioned by patients during interviews and (b) had the highest interference ratings as reported by patients are listed in Fig. 3a, b , respectively. The most frequently mentioned symptoms were erectile dysfunction, loss of libido, urinary urgency, incontinence, and hot flashes (Fig. 3a) . Patients attributed symptoms to both the disease and its treatment. Sexual and hormonal symptoms were the most commonly mentioned symptoms attributed to treatment. Median interference scores (on a scale of 0-10, where 0 = does not disturb and 10 = greatly disturbs) for the most commonly reported symptoms were erectile dysfunction, 5; loss of libido, 3; urinary urgency, 6; incontinence, 3; and hot flashes, 3. Symptoms of weight gain, loss of muscle mass, inability to feel urination, and groin pain were experienced as relatively more disturbing, but these were experienced infrequently (Fig. 3b) .
Overall, 23 distinct impacts were mentioned and categorized as emotional (n = 10), physical (n = 7), and socio-environmental (n = 6) ( Table 3 ). The most frequently mentioned impacts were emotional (43 mentions), physical (31 mentions), and socio-environmental (17 mentions). Impacts of M0-CRPC that (a) were most frequently mentioned by patients during interviews and (b) had the highest interference ratings as reported by patients are listed in Fig. 4a, b , respectively. The most frequently mentioned impacts were the need to monitor/plan for urinary frequency (reported by nine patients), interference with/restriction of daily activities (eight patients), and frustration (seven patients) or anxiety (seven patients) over diagnosis/symptoms/treatment (Fig. 4a) . When asked to compare characteristics of symptoms, patients generally reported that symptom frequency, rather than severity or duration, had the most impact on their daily functioning.
Many identified impacts interfered at least moderately with patients' daily lives (Fig. 4b) . However, as with symptoms, the impacts associated with the greatest interference often tended to be less frequently reported.
Complete concept saturation was not reached, defined as the point in the data collection process after which no new concepts are elicited [33] . Four new symptoms (leakage of Radical prostatectomy only, n = 7
Hormone therapy only, n = 1
Radical prostatectomy and hormone therapy, n = 1
Bilateral orchiectomy and testosterone replacement therapy, n = 1 Radiation (''seed implants'') and hormone therapy, n = 6 PSA levels Stable, 70%
Rising, 24%
Do not know, 6%
Age C65 years of age, 76%
41-64 years of age, 24%
Geographical spread Patients represent 13 different US states (southern, n = 8; western, n = 3; midwestern, n = 1; northeastern, n = 5)
GnRH gonadotropin-releasing hormone, LHRH luteinizing hormone-releasing hormone, PSA prostate-specific antigen a Note the discrepancy between screener findings and self-report during interviews. We hypothesize that differences are due to respondent unfamiliarity with ''surgical castration'' and ''LHRH or GnRH agonist therapy'' terminology used in the screening document and the lack of a response option for radiation therapy b One patient was not asked this question during the interview (11) (12) (13) (14) (15) (16) (17) . However, saturation on the most salient symptoms and impacts in the model was achieved, and it was nearly attained on the less salient symptoms and impacts, suggesting that the model sufficiently reflects patient experience with M0-CRPC. A conceptual model of the impact of M0-CRPC and its treatments, developed from the combination of literature review and empirical data from clinicians and patients, is shown in Fig. 5 . The most salient urinary symptom concepts included urgency, waking to urinate, frequent urination during day, incontinence/leaking urine, and incomplete emptying. Other salient symptom concepts were inadequate or no erection, inability to achieve orgasm, hot flashes, and lack of energy/tiredness.
In the model, impacts were categorized as 'immediate' and 'general'. Immediate impacts are more proximal to the signs/symptoms and can be directly attributed to one or more of these (e.g., if the symptom is pain, the immediate impact may be difficulty sleeping). General impacts are more distal to the signs/symptoms and more general in nature (e.g., depression, financial difficulties, etc.). Almost all of the immediate impact concepts were considered to be among those most salient (apart from need to plan/monitor bowel movements), while among the general impact concepts the most salient were stress/conflict/inability to sustain relationships with partners, friends, and family, and loss of feeling of masculinity.
As patients were typically unable to distinguish which concepts are related to their disease process and which are related to treatment they received for the disease, we cannot say for certain whether specific concepts are disease or treatment related. However, the large majority of patients surmised that most of their symptoms (and many of their impacts) occurred only after the start of treatment.
Discussion
We have developed a conceptual model that synthesizes the symptoms and impacts of men living with M0-CRPC. The model is based on information from a literature review, clinician interviews, and, most importantly, patient interviews. The literature search supports the identification of key concepts and how they are currently measured in completed and ongoing clinical trials. Interviews with experts facilitate an understanding of the clinical perspective on key concepts. Interviews with patients are considered the most important part of this three-step approach and key to understanding patients' experiences with M0- (58) Sexual (35) Hormonal (31) Gastrointestinal (10) Other (2) Incontinence/leaking (11) Urgency (11) Waking up to urinate ( (1) Constipation (3) Leakage of stools (2) Abdominal/pelvic/rectal pain (1) Inconsistent frequency of bowel movement (1) Bowel movement urgency during urination (1) Frequent bowel movement (1) Radiation prostatitis (1) Groin pain (1) Pain/weakness from the waist down (1) a Patients were permitted to mention multiple symptoms (17) Anxiety/nervousness over diagnosis/ symptoms/treatment (7) Frustration over diagnosis/symptoms/treatment (7) Depression over diagnosis/symptoms/treatment (5) Thoughts of death and mortality (5) Loss of feeling of masculinity (5) Low self-esteem (4)
Feeling of loss of control (4) Hopelessness (3) Feeling lonely (2) Decreased coping ability (1) Need to monitor/plan for urinary frequency (9) Interference with/restriction of daily activities (8) Poor sleep (6) Generally feeling ill (3)
Difficulty concentrating (2) Need to monitor/plan for bowel movement (2) May not be absorbing nutrients (1) Stress or conflict with partner, friends, family (6) Inability to work and/or financial difficulties (3) Distrust/lack of confidence in doctor ( The patients we interviewed most often identified aspects of sexual dysfunction and urinary symptoms as exemplars of their experience, leading to interference with/ restriction of daily activities and frustration or anxiety over diagnosis/symptoms/treatment. They generally attributed these concepts to the disease itself, rather than its treatment. However, these symptoms and impacts did not seem to greatly interfere with, or disturb, patients' lives; concepts with greater effects on patients' lives were infrequently mentioned. Both the literature review and clinician interviews confirmed the salience of these sexual, urinary, and psychological concepts, but suggested that patients with M0-CRPC are bothered less by symptoms or impacts that are a consequence of disease progression than by adverse effects and consequences of prior or current treatment. Indeed, M0-CRPC has been considered a disease state, with most patients usually asymptomatic except for the adverse effects related to ADT [34] . ADT has a wellrecognized adverse event profile, including loss of libido and impotence, fatigue, vasomotor flushing, anemia, osteoporosis, and gynecomastia. In our study, 65% of patients were currently receiving ADT (LHRH or GnRH agonist therapy). Metabolic complications from such treatment have also been noted, including insulin resistance, obesity, and dyslipidemia, and long-term use has been associated with cardiovascular effects. Moreover, the introduction of ADT, especially in asymptomatic men, can affect HR-QoL domains, including physical function, vitality, role-physical domains, and bodily pain [35] .
A recent study by Sartor et al. [13] developed a conceptual model of the impacts of advanced PCa (biochemical failure or metastatic disease) and its treatment. In the final model, patients with biochemical failure (rising PSA, detectable metastatic disease not yet present), similar to those in our study, reported urinary symptoms and sexual dysfunction as the primary symptoms. In addition, they had substantial emotional impacts, including a great deal of anxiety and depression. Emotional impacts were commonly observed in our patients (e.g., frustration or anxiety over diagnosis/symptoms/treatment). In both studies, patients who are considered largely asymptomatic experienced substantial everyday life impacts owing to treatment that were at least moderately bothersome. Symptoms in our final model that were not in the Sartor et al. [13] study included loss of body hair, pain, and certain urinary symptoms (urinary incontinence, voiding difficulties). Conversely, symptoms in the Sartor et al. [13] model but not in ours included hormone treatment-related metabolic disturbances and genital atrophy. These differences between the two models likely reflect differences in the activities is a specific impact that means restriction of physical exertion and constraints on performance on household management tasks. M0-CRPC non-metastatic castration-resistant prostate cancer, PSA prostate-specific antigen criteria for inclusion of symptoms in the final model (these criteria are not explicitly stated in the Sartor et al. paper), as well as the inclusion of patients with metastatic disease in the evaluation of hormone treatment-related symptoms in the Sartor et al. [13] study. In our study, while the most relevant and important symptoms identified by patients aligned well with those mentioned by clinicians, there was less alignment between patients and clinicians on impacts. This disparity has been previously described for localized [36] and early-stage advanced [37] PCa, where physician ratings of symptoms did not correlate well with patient self-assessments of HRQoL. In addition, it has been suggested that clinicians may focus on particularly observable symptoms rather than the broader patient experience [38] .
The patient interview portion of this research implemented digital outreach to recruit patients. This approach has several advantages, primarily the ability to identify and recruit patients quickly. It also provides access to people in all areas of the USA via the internet, rather than just those who can access and travel to a research site. This webbased design may be a lower-cost alternative to traditional face-to-face interview methods. Importantly, this novel approach did not seem to decrease patients' desire to participate, as men were willing and able to participate via the internet. Moreover, we adopted a patient-centric approach to engage patients and allow them to participate in the way that worked best for them (e.g., we provided webcams to patients who did not own them to allow them to participate).
Our study was subject to several possible limitations. Firstly, diagnosis of M0-CRPC was patient reported, without confirmation from a treating clinician. The sample was recruited from men who connected to an online community, where they self-identified for PCa, and then were screened in our study for extent of known metastasis. The awareness and knowledge of the disease and its treatment among these patients may not be representative of patients with M0-CRPC so they may not be a representative sample of men with PCa.
Another possible limitation is related to participants' PSA levels. Our study initially specified rising PSA as an inclusion criterion since our target population of M0-CRPC is characterized by rising PSA during ADT with a castration level of testosterone in the absence of clinically detectable metastatic disease. Indeed, CRPC is often identified at an early stage, when the only sign of resistance to ADT is a progressive elevation of PSA [34] . This patient population is of further interest as it the subject of a number of current trials (e.g., Safety [41] ). However, this criterion was subsequently relaxed to ease recruiting by enabling inclusion of patients with stable PSA or those who did not know their PSA levels. A final possible limitation is the absence of complete concept saturation during patient interviews for concept elicitation, although this was closely approached and was achieved for the most salient symptoms and impacts.
Our data provide valuable insight into patients' experiences with M0-CRPC and may help identify the most important PROs to measure in this population. Improved understanding of patients' experiences with living with M0-CRPC expands a perspective that was previously based exclusively on literature and clinician viewpoints. Furthermore, our study argues for considering that the most relevant symptoms and impacts expressed by patients may be attributed to PCa therapy for M0-CRPC, more so the consequences of the disease itself. Accordingly, we suggest examining new ways of measuring sensitivity to the effects of treatment for this disease to complement existing PRO instruments.
Several concepts identified in our model, which were not specifically addressed in these other PRO instruments, include frustration over treatment, loss of body hair, low self-esteem, financial difficulties, and distrust/lack of confidence in their doctor. Additionally, low self-esteem and the need to plan for and monitor bowel movements also surfaced in our model as disease-related effects that are unaccounted for in currently used instruments. This work may help identify critical target areas for evaluation in clinical studies or guide investigators in selecting outcome variables or areas suitable for intervention.
Conclusion
We developed a conceptual model that identifies the key symptoms and impacts of M0-CRPC from the patient perspective. The symptoms and impacts most frequently experienced by patients were typically not those with the greatest effects on their lives. Those symptoms and impacts with the greatest consequences appeared to be related to treatment, which included surgery, radiotherapy, and LHRH/GnRH agonist therapy, rather than to the disease itself.
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